(19) 




EuropSisches Patentamt 
European Patent Office 
Office europeen des brevets 



(11) 



llllil 

EP 1 577 799 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in acx»rdance with Art. 158(3) EPC 



(43) Date of publication: 

21.09^005 Bulletin 2005/38 

(21) Application number 03776003.0 

(22) Date of filing: 02.1 2.2003 



(51) Inta7: G06F 17/50 

. (86) International application number. 
PCT/JP2003/015373 

(87) International publication number. 

WO 2004A)51519 (17.06.2004 Gazette 2004/25) 



(84) Designated Contracting States: 

AT BE BG CH CY CZ DE DK EE ES Fl FR GB GR 
HU IE IT LI LU MO NL PT RO SE SI SK TR 
Designated Extension States: 
ALLTLVMK 

(30) Priority: 03.12.2002 JP 2002351826 

(71) Applicant: SHIMA SEIKI MANUFACTURING 
LIMITED 

Wakayama 641-8511 (JP) 



(72) Inventor: SUZUKI, NorlyukI 

Wakayama-shi, Wakayama 641-8511 (JP) 

(74) Representative: Graefe, Jdrg 

Fritz Patent- und Rechtsanwilte 

OatentorS 

59757 Arnsberg (DE) 



(54) SIMULATION METHOD AND SIMULATION SYSTEM OF IMAGE OF TWISTED THREADS 



(57) An object of the Invention Is to provide a simu- 
lation method and a simulation apparatus of the image 
of a twisted yam capable of fonning an image close to 
the actuality. When the images of twisted threads (1 , 2) 
are inputted, abstracted models (3, 4) of the twisted 
yarns having a constant elliptical cross-section are ob- 
tained as shown in (b) . A projected image (6) of the 



twisted yams as shown in (c) is obtained when the mod- 
els shown In (b) are viewed from the right side and one 
of two abstractedmodels (3, 4) located on the left side 
is concealed. The projected image (6) of the twisted 
yams is formed by copying the Images of the twisted 
yams (1 , 2) on to parts corresponding to the abstracted 
models (3, 4) of respective twisted yams. 
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Description 

Technical Field 

5 [0001 1 The present invention relates to a method and apparatus for simulating an image of a twisted yam, with which 
it is possible to simulate and display an image obtained when a plurality of yams are twisted to produce a twisted yam. 

Background Art 

10 [0002] Conventionally, it has been possible to simulate an image of a knitting fabric or a weaving fabric by assuming 
a yarn that is to be used without actually manufacturing the fabric (see Japanese Unexamined Patent Publk^ion JPnA 
07-70890 and W098/16823, for example). Also, the applicant has filed Japanese Patent Application No. 2001-310559 
that relates to a method and an apparatus In which image data of a knitting yam is input to simulate an image of a 
knitting fabrte knitted by using the knitting yam. The technique of this application makes it possible to easily simulate 

15 an image of a knitting fabric knitted by using a fuzzy knitting yam of an Irregular shape called "fancy yam". 

[0003] Compared with a weaving fabric, a knitting fabric generally uses a thteker yarn and has coarser knitting stitch- 
es. For this reason, the use of a fancy yam as a knitting yam can realize, for example, a peculiar design effect or 
feeling. For a fancy yarn, a twisted yam is sometimes used that is produced by twisting a plurality of yams. A product 
also has been Introduced that can display an image of a fancy yam weaving fabric or knitting fabric using a fancy yam 

20 or a yam obtained by further twisting fancy yams (see Chrlttiane Szezesny and other two authors, "Simulation of Fancy 
Yams on the Screen", In Fabric Fomning, ITB. March 1991, pp. 73-74, for example). With the use of an Image of a 
twisted yam in the technique proposed in Japanese Patent Applteation No. 2001 -31 0559. it is possible to simulate an 
image of a knitting fabric using the twisted yarn. Also. It has been reported that when yarns are twisted, the cross- 
section shapes of the yarns are compressed (see A. Grishanov and other four authors, "The Simulatton of the Geometry 

25 of Two-component Yarns Part I: The Mechantes of Strand Compression: Simulating Yam Cross-section Shape", in J. 
Text. Inst, Textile Institute, 88 Part 1 No. 2, 1 997, pp. 1 1 8-1 31 , for example). 

[0004] Figs. 1 to 5 of the article (Chrittiane Szezesny and other two authors, "Simulation of Fancy Yams on the 
Screen", In Fabric Forming, ITB. March 1991. pp. 73-74) show Images of (1) a single fancy yarn. (2) a fancy yam 
obtained by twisting a plurality of such fancy yams, and (3) a fabric using such fancy yams. Some figures do not include 
30 (2) a fancy yam obtained by twisting. Although it is not clarified how these images are simulated, one of the authors 
of the article (Chrittiane Szezesny and other two authors, "Simulation of Fancy Yams on the Screen", In Fabric Fomnlng. 
ITB, March 1991 , pp. 73-74) is listed as an inventor of W098/16B23, and thus It Is presumed that the simulation is 
performed by using the technique disclosed in W09&/1 6823. 

[0005] In the technique disclosed in W098/1 6823. a three-dimensional model of a three-dimensionally scanned yam 
35 is formed by combining the position coordinates of a plurality of points set on the surface and the orientation of the 
surface region including the points. A numerical model is processed to calculate three-dimensional spatial coordinates 
through which the central line of the yam passes in a weaving fabric or a knitting fabric, and the central line of the 
three-dimensional model of the yam Is defomied In accordance with the central line of the numerical model. At that 
time, the points set on the surface of the three-dimensional model of the yam are also displaced in accordance with 
40 the central line, so that an Image of the yam is displayed as a collection of such points, and the simulation is thus 
performed. 

[0006] When the three-dimensional model of the yarn is created, it is expected that an image of the actual yam is 
faithfully reflected by narrowing a gap between the points on the surface to make the density therein high. However, 
when the number of points becomes large, a time necessary for processing an image becomes long. Furthemiore. 
45 since a fancy yarn is characterized by comprising, for example, fine fuzz that exists in an irregular manner and the fuzz 
sttoks outward on the surface, the fancy yam Is diffteult to reflect on a three-dimensional model by a method such as 
described above. 

Disclosure of Invention 

50 

[0007] It is an object of the invention to provide a method and apparatus for simulating an Image of a twisted yam, 
with which an image close to the real can be created. 

[0008] The invention Is a method for simulating an image of a twisted yam in which twisting of a plurality of yams is 
simulated and an image of a twisted yarn is fomned, 
55 tiie method comprising: 

an image input step of Inputting images of the plurality of yams used for twisting, each in a f onn of an extended line, 
an abstracting step of producing, based on tiie images that have been input In the Image Input step, an abstracted 
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model of each of the yams that extends in one direction and has a certain cross-section of a predetermined math- 
ematizable shape to abstract each of the yams, and of setting correspondence between each of the abstracted 
models and the Images. 

a twisting step of twisting, according to a predetemiined condition, the abstracted models of the plurality of yams 
5 that have been abstracted in the abstracting step and of producing an abstracted model of a twisted yam in a form 

extending along a central axis thereof, 

a projection step of projecting the abstracted model of the twisted yam that has been produced in the twisting step 
onto a plane that Is in parallel with the central axis, and 

an image reproduction step of reproducing, based on the correspondence that has been set In the abstracting 
10 step, the images of the yams on corresponding projected images of the abstracted models of the yams included 

in the abstracted model of the twisted yarn that has been projected onto the plane in the projection step. 

[0009] Furthemnore, the invention is characterized in that 

in the abstracting step, cross-section shapes of the plurality of yarns input In the Image input step are abstracted 
IS as round shapes to produce the abstracted models of the yams, and 
the twisting step comprises: 

a cross-section an-angement step of setting an arrangement reference point with respect to the twisted yam, and 
of arranging the cross-section shapes of the abstracted models of the yams produced In the abstracting step 

so around the arrangement reference point, 

a cross-section rotation step of rotating a combination of the cross-section shapes arranged in the cross-section 
arrangement step around the central axis of the twisted yam while displacing the an^angement reference point set 
in the cross-section arrangement step along the central axis, according to a predetennined condition, and 
an extemal shape production step of producing external shapes of the abstracted models of the yams along the 

25 central axis of the twisted yam as a locus f omned by rotating the cross-section shapes In the cross-section rotation 

step, 

[0010] Furthermore, the invention is characterized in that in the abstracting step, the cross-section shapes are flat- 
tened according to a predetermined condition. 

30 [00111 Furthermore, the Invention is characterized in that In the cross-section arrangement step, a cross-section 
region around the arrangement reference point of the twisted yam is divided In accordance with ratios of square roots 
of diameters of the abstracted models of the yams, and the round cross-section shapes of the abstracted models of 
the yarns are flattened In such a manner that the cross-section shapes of the adjacent yams contact each other on a 
boundary line between the divided regions. 

35 [0012] Furthermore, the invention Is characterized in that In the cross-section anrangement step, when the ratio of 
the square root of an abstracted model of one yarn occupies a half or more of an entire portion , adjustment Is performed 
so that the abstracted model of this yam occupies only a half of the cross-section region around the anrangement 
reference point. 

[0013] Furthermore, the Invention is characterized in that In the cross-section arrangement step, the arrangerhent 
40 reference point is set at a position different from the central axis of the twisted yam, and 

in the cross-section rotation step, the arrangement reference point Is also rotated around the central axis of the 
twisted yam. 

[0014] Furthermore, the Invention is characterized In that In the cross-section arrangement step, the arrangement 

reference point is set in such a manner that the central axis of the twisted yam Is at a position that Is obtained as an 
45 weighted average of relative positions of central positions of the cross-section shapes of the abstracted models of the 

yams with respect to the arrangement reference point, using the diameters of the cross^ectlon shapes as the weight. 

[0015] The invention is further characterized in that, with respect to a fuzzy yarn, 

In the abstracting step, the abstracted model of the yam Is produced separately for a fuzz portion on an outer 

circumferential side and for a yam main portion on an Inner circumferential side excluding the fuzz, 
so in the cross-section arrangement step, the abstracted model of the yam is arranged around the anangement 

reference point based on a cross-section shape of the yam main portion, and a cross-section shape of the fuzz portion 

is arranged around the cross-section shape of the yam main portion not so as to exceed abstracted models of adjacent 

yams, and 

in the image reproduction step, an image of the yam is reproduced on the abstracted model of the yam projected 
55 on the plane separately for the fuzz portion and for the yarn main portion from the Image. 

[0016] Furthemiore, the invention is characterized In that In the abstracting step, the con-espondence between the 
abstracted model and the Image of each of the yams Is set so that with respect to a longitudinal direction of the ab- 
stracted model, an entire length or a part of the Image is set to be a section to be used, and so that after linking is 
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performed from one edge to the other edge of the section to be used, linking Is repeated by resuming from the one edge. 
[0017] The Invention is further characterized in that by using the image of the twisted yam produced by reproducing 
the images of the yams on the abstracted models of the yams included in the abstracted model of the twisted yam 
projected on the plane In the image reproduction step, an Image of a knitting fabric knitted by using the twisted yam 
5 is simulated. 

[0018] In addition, the invention is a program for letting a computer execute the method for simulating an image of 
a twisted yam described in any one of the aspects above. 

[0019] In addition, the invention is a computer-readable storage medium storing a program read by a contputer to 
execute the method for simulating an image of a twisted yam described In any one of the aspects above. 
10 [0020] In addition, the invention Is an apparatus for simulating an Image of a twisted yam, in which twisting of a 
plurality of yams is simulated and an image of a twisted yam is fomied, 
the apparatus comprising: 

image Input means for inputting images of the plurality of yams used for twisting, each In a fomi of an extended line, 
15 abstracting means for producing, based on the images that have been input in the image input means, an abstracted 

model of each of the yams that extends in one direction and has a certain cross-section of a predetenmined math- 
ematizabte shape to abstract each of the yarns, and for setting correspondence between each of the abstracted 
models and the images, 

twisting means for twisting, according to a predetemilned conditton, the abstracted models of the plurality of yams 
20 that have been abstracted in the abstracting means and of producing an abstracted model of a twisted yam In a 

form extending along a central axis thereof, 

projection means for projecting the abstracted model of the twisted yam that has been produced in the twisting 
means onto a plane that is in parallel with the central axis, and 

image reproduction means for displaying a state In which the images of the yams are reproduced, based on the 
25 correspondence that has been set by the abstracting means, on corresponding projected images of the abstracted 

models of the yams included In the abstracted model of the twisted yam that has been projected onto the plane 
by the projection means. 

[0021] Furthermore, the invention is characterized in that the abstracting means abstracts the cross-section shapes 
30 Of the plurality of yams input by the image Input means as round shapes, and 
the twisting means comprises: 

cross-section an-angement means for setting an arrangement reference point with respect to the twisted yam, of 
arranging the cross-section shapes of the abstracted models of the yams produced by the abstracting means 
35 around the an-angemenl reference point, and for flattening the cross-shapes according to a predetemnined condi- 

tion, 

cross-section rotation means for rotating a combination of the cross-section shapes anranged by the cross-section 
arrangement means around the central axis of the twisted yam while displacing the anrangement reference point 
set by the cross-section anrangement means along the central axis according to a predetemilned condition, and 
40 extemal shape production means for producing external shapes of the abstracted models of the yams along the 

central axis of the twisted yam as a locus formed by rotating the cross-secUon shapes by the cross-section rotation 
means. 

Brief Description of Drawings 

45 

[0022] Other and further objects, features, and advantages of the invention will be more explicit from the following 
detailed description taken with reference to the drawings wherein: 

FIG. 1 is a view showing an outline of a method for simulating an image of a twisted yam according to an embod- 
50 iment of the invention, and shows a side view of two yams 1 and 2 used for twisting, a cross-sedlonal view of an 

abstracted model 5 of a twisted yarn fomied by twisting abstracted models 3 and 4 of yams produced by abstracting 
the yams 1 and 2, and a side view of a projected image 6 of the twisted yam; 

FIG. 2 is a flowchart showing a general procedure of executing a method for simulating an image of a twisted yam 
as another embodiment of the invention; 
55 FIG. 3 Is a block diagram showing an outlined electrical structure of an apparatus 10 for simulating an image of a 
twisted yam, with which it is possible to execute the method for simulating an image of a twisted yam according 
to the embodiment in FIG. 1 or 2; 

FIG. 4 Is a flowchart showing the procedure with respect to a process of rendering twine in which twisting in step 
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a5, projection in step a6, and image reproduction in a7 in the ennbodiment in RG. 2 are combined; 

FIG. 5 is a view showing the manner In which cross-section shapes with respect to abstracted models of twisting 

yams are determined In step b1 In FIG. 4; 

FIG. 6 is a view showing the manner in which the cross-section shapes of the twisting yams are arranged around 
an arrangement reference point 0 in step b2 In FIG. .4; 

FIG. 7 is a side view showing the effect of displacing the center of twine when twisting yams whose thicknesses 
are different from each other are twisted as shown In FIG. 6{b); 

FIG. 8 is a view showing the manner in which the size of an image and the position of a yam main portion with 
respect to a fuzzy twisting yam are calculated; ^ 
FIG. 9 Is a view showing the manner In which the size of an image and the position of a yam main portion with 
respect to a fuzzy twisting yam are calculated; 

FIG. 1 0 is a view showing the manner in which a rendering width w is calculated in step b8 in RG. 4; 

FIG. 11 Is a view showing an ellipse shown In FIG. 10, taking the rrilnor axis thereof as x-axis and the major axis 

as y-axis * 

FIG. 12 is a view showing the manner in which a fuzz region of the twisting yam is calculated in step b9 in FIG. 4; 
FIG 13 Is a side view showing the manner in which the fuzzy twisting yam is rendered in step b10 in FIG. 4; 
FIG. 14 is a side view showing an example of the simulation result of an Image of a twisted yam according to the 
embodiment in FIG. 2; and ♦ 
FIG. 1 5 Is a side view showing an example of the simulatton result of an Image of a twisted yam according to the 

embodiment in FIG. 2. 
Best Mode for Carrying out the Invention 

[0023] Now referring to the drawings, preferred enrtbodiments of the Invention are described below. 
[0024] FIG 1 shows a basic concept of simulating twisting of two yams and fomrting an image of a twisted yam as 
an embodiment of the invention. FIG. 1 (a) shows a side view of two twisting yams 1 and 2 used for twisting. FIG. 1 
(b) shows a cross-section shape of an abstractedmodel 5 of a twisted yam fomned by twisting abstracted models 3 
and 4 of twisting yams produced by abstracting the twisting yams 1 and 2. FIG. 1 (c) shows a projected image 6 of the 
twisted yam. It should be noted that for yams that are twisted to produce a twisted yam, it is possible to use single 
fiber yams such as monofilament as well as yarrts produced by twisting fiber serving as material such as the twisting 

yams 1 and 2. . ^ . . , . * ^ 

[0025] The images of the two twisting yams 1 and 2 as shown In RG. 1 (a) can be input by taking images of ttie 
actual twisting yams 1 and 2 with a scanner or the like. Furthenmore, the images can be created by computer graphics 
or the taken photographic image can be further edited. As shown in FIG. 1 (b) . the twisting yams 1 and 2 are abstracted 
to be the abstracted models 3 and 4 of twisting yarns whose cross-sections are certain ellipses. In the case where the 
two twisting yarns 1 and 2 have an equal shape, the abstracted model 5 of a twisted yam is obtained as a locus f onmed 
by rotating the cross-sections of the abstracted models 3 and 4 of the twisting yams around a central axis 5a. The 
projected image 6 of the twisted yam as shown In FIG. 1 (c) is obtained, for example, as a state In which FIG. 1 (b) is 
seen from the right side, and a portion on the left side of the abstracted models 3 and 4 of the two twisting yams is 
hidden Furthermore, since the abstracted models 3 and 4 of the twisting yams are defomned In the torm of spiral 
around the central axis 5a. the projected image 6 is defomied in the fonm of wave line. The projected image 6 of the 
twisted yam is formed by reproducing the images of the twisting yams 1 and 2 respectively on the portions of the 
projected Image con-esponding to the abstracted models 3 and 4 of the twisting yams. 

[0026] FIG. 1 shows a basic manner in which the projected image 6 of a yam twisted by using only two of twisting 
yams 1 and 2 that are equal to each other is obtained. In the invention, however, there Is no limitation regarding the 
number of twisting yams and it is also possible to apply twisting yams that are not equal to each other. 
[00271 FIG. 2 shows a general procedure of simulating an image of a twisted yam as another embodiment of the 
invention. The procedure starts in step aO. and in step a1, Images of twisting yams are input or created in a similar 
manner as in FIG. 1 (a) . As described above, the Images of the twisting yams can be input with a scanner or the like 
and processed, or It Is also possible to newly create the Images as two-dimensional images with, for example, a yam 
creation program and to express fuzz by utilizing a transparent component. The images of the twisting yams are treated 
separately for a main frame portion on the Inner circumferential side excluding fuzz and for the fuzz region on the outer 
circumferential side. When the images are input, parameters for determining the main frame portion and the fuzz region 
of the twisting yams and other information such as definition are input or created. In step a2, the images, parameters 
and information that have been input or created In step a1 are stored as data for each twisting yam. In steps a1 and 
a2. a larger number of twistingyams than the number of twisting yams actually used fortwistingcan be input or created. 
[0028] In step a3. the twisting yarns are set so as to show which yams are used as twisting yams that are twisted 
to produce a twisted yam. In step a4, twine parameters such as the number of yams fortwine, the direction of twine. 
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the number of twisting per predetermined unit length, and rendering definition are set. Also, information that is to be 
used for various adjustments (described below) Is set in advance. In step a5. a twisting process is perfomned In a 
sinriilar manner as In FIG. 1(b). In step a6, a projection process is performed on an abstracted model of the twisted 
yarn in a similar manner as in FIG. 1 (c) . In step a7, a reproduction process of reproducing the Images of the twisting 

s yams onto the projected image is performed to display the simulation result of the Image of the twisted yam. In step 
a8. it is detemilned whether or not the twine parameters should be changed in light of the simulation result. In the case 
where the twine parameters are changed, the procedure returns to step a4. In the case where the twine parameters 
are not changed in step a8, It is detemnined whether or not the twisting yarns used for twisting should be changed in 
step a9. In the case where the twisting yarns are changed, the procedure returns to step a3. In the case where no 

10 change is made regarding the twisting yams in step a9, the created yam data of, for example, the twisted yam is stored 
in step alO, and the procedure ends in step a11 . 

[0029] More specifically, this embodiment includes step a1 as an image input step in which images of a plurality of 
twisting yams used for twisting are input in the forms of extended lines, step a2 as an abstracting step in which based 
on the Images that have been input in the Image Input step, an abstracted model for each of the twisting yams that 

IS extends in one direction and has a certain cross-section of a predetermined mathematizable shape is produced to 
abstract each of the yams, and correspondence between the abstracted models and the images is set, step a5 as a 
twisting step in which the abstracted models of the plurality of twisting yams that have been abstracted in the abstracting 
step are twisted according to a predetennined condition to produce an abstracted model of the twisting yams twisted 
in a fonn extending along the central axis, step a6 as a projection step In which the abstracted model of the twisted 

20 yarn that has been produced in the twisting step Is projected onto a plane that is in parallel with the centra! axis of the 
twisted yarn, and step a7 as an image reproduction step in which based on the correspondence that has been set in 
the abstracting step, the images of the twisting yams are reproduced on the corresponding projected images of the 
abstracted models of the twisting yarns included in the abstracted model of the twisted yarn that has been projected 
onto the plane in the projection step. 

25 [0030] It should be noted that yarn data stored in step alO allows simulation of a state In which a knitting fabric is 
l<nltted. using a technology such as disclosed in Japanese Patent Application No. 2001-310559 (described above). 
More specifically, with the use of a conventional technique disclosed In W09816B23 or other documents, a three- 
dimensional model of a twisted yarn is produced, and by utilizing an image of the twisted yam produced by reproducing 
an image of each twisting yarn on a projected image of an abstracted model of each of the twisting yiams Included in 

30 a projected image of the abstracted model of the twisted yam that has been projected on a plane In the image repro- 
duction step, it is possible to simulate an image of a Icnitting fabric Icnitted by using the twisted yam. 
[0031] FIG. 3 shows an outlined structure of an apparatus 10 for simulating an Image of a twisted yam, with which 
it is possible to execute the method for simulating an image of a twisted yam according to the embodiment in FIG. 1 
or 2. The steps in the above described procedure are realized when a CPU 12 contained in a computer 11 operates 

35 following programs stored in, for example, a ROM 13 or a RAM 14. The progranns are stored in, for example, a hard 
disk device (hereinafter, abbreviated as "HDD'O 1 5 in advance, and the CPU 1 2 operates by reading out the programs 
on the RAM 14 when necessary. Programs relating to. for example, basic operations are stored In the ROM 13 In 
advance. 

[0032] , In the programmed operation of the CPU 12, a two-dimensional Image of a yam is input using a scanner 17 
40 connected via an interface (hereinafter, abbreviated as "l/P) 16 as means for Inputting an image. Furthemriore, also 
from an input operation device 1 8 such as a keyboard, a graphic tablet, and a mouse, input data and so forth can be 
input to the CPU 1 2 via the i/F 1 6. A simulation image of a twisted yam and an Input image of a yam that are produced 
by the programmed operation of the CPU 12 are displayed by a display device 19 such as a cathode ray tube (CRT) 
and a liquid crystal display (LCD). The program executed by the CPU 12 also can be stored onto a storage medium 
45 that is removable from a storage medium drive device 20, such as a CD (compact disk) -ROM and other optksal disks 
and a flexible disk and other magnetk: storage media, and can be read on the HDD 1 5 or the RAM 1 4. It is also possible 
to use the program transferred from an information network such as a LAN (locat area network) or the Internet via a 
communication device 21 such as a modem or a router. 

[0033] FIG. 4 shows the procedure with respect to a process of rendering twine In which twisting In step a5, projection 
so in step a6, and image reproduction in a7 In the embodiment In FtG. 2 are combined. The procedure starts in step bO, 
and in step b1 , the cross-section shapes of the abstracted models of the twisting yams are determined as round shapes. 
I n step b2, an arrangement reference point is set and the cross-section shapes of the abstracted models of the twisting 
yams are arranged around the arrangement reference point and flattened. In step b3, the center of the twine is calcu- 
lated. In step b4, the main frame portion and the fuzz region of the twisting yams are calculated. The procedure of 
ss steps b1 to b4 corresponds to the twisting shown In step a5 in FIG. 2. Also, it Is possible to flatten the cross-section 
shapes at the stage of detemriining the cross-section shapes of the abstra^d models. 

[0034] In step bS In FIG. 4, the rotation angles of the cross-secttons around the center of the twine are determined 
based on the twine parameters. In step b6, with respect to the abstracted models of the twisting yams, the rendering 
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positions along the central axis obtained by extending the center of the twine in one direction are calculated. In step 
b7, the rendering order of the abstracted models of the twisting yams is determined. The procedure of steps bS to b7 
corresponds to the projection shown in step a6 in FIG. 2. 

[0035] in step b8 in FIG. 4, with respect to the projected images ot the abstracted models of the twisting yams, the 

5 rendering widths are calculated. In step b9, with respect to the projected images of the abstracted models of the twisting 
yams, the fuzz regions are calculated. In step b1 0, reproduction is performed In which the images of the twisting yams 
are applied to the projected images of the twisting yams. In step b11 , It Is determined whether or not all of the yams 
set as the twisting yarns in step a3 in FIG. 2 have been processed. In the case where all of the yams have not been 
processed yet, the procedure retums to step b8. The procedure of steps b8 to b11 corresponds to the Image repro- 

10 duction shown in step a7 In FIG. 2. In the case where it Is detemnined that all of the yams have been processed in step 
b11 , in step b12, it is detemnined whether or not a portion up to the edge of the twisted yarn has been processed along 
the central axis, and the procedure returns to step b5 when the process has not been completed up to the edge. When 
it is detennined that the process has been completed up to the edge in step b12, the procedure ends in step b13. 
[0036] FIG. 5 shows the manner In which, with respect to the abstracted models of the twisting yarns, the arrangement 

*5 of the cross-section shapes are detenmined and the cross-section shapes are flattened in steps b1 and b2 in FIG. 4. 
In the case where three twisting yarns are used, the diameters of the round cross-sections of the twisting yams are 
taken as W1 , W2 and W3, and then the diameters In the radial directions toward the anrangement reference point O 
are contracted to be zx1 , zx2 and zx3 with taking the directions as x-directions that are the longitudinal directions. The 
diameters In the lateral directions as circumferential directions perpendicular to the x-dlrectlons are magnified to be 

20 zyl , zy2 and zy3 with taking the directions as y-directlons. A circumference around the arrangement reference point 
0 is divided Into LI , UZ and L3 based on the ratios of the square roots of the diameters W1 , W2 and W3 of the twisting 
yams, and in accordance with the ratios, scaling in the longitudinal and lateral directions is calculated. More specif toally. 
the cross-section shapes of the abstracted models of the twisting yams are ellipses arranged around the an-angement 
reference point 0, and are flattened in such a manner that the lengths of the minor axes are zxl , zx2 and zx3 times, 

25 and the lengths of the major axes are zyl . 2y2 and zy3 times of each diameter W1 , W2 and W3, respectively, of the 
round cross-sections. 

[0037] In this embodiment, the cross-section shapes of the abstracted models of the twisting yarns are flattened 
based on the thicknesses thereof. First, the arrangement reference point O is set, and the cross-section shapes of the 
abstracted models of the twisting yarns are arranged around the arrangement reference point O. The cross-section 
30 shapes are abstracted to be round, and are flattened to be elliptical in accordance with the number and the thickness 
of the twisting yams. For example, In the case where n twisting yams are used for twisting, when the diameters of the 
round cross-sections of the twisting yams are taken as W1 . Wn, a proportion Km at whteh a diameter Wm of the m- 
th twisting yarn (1 <m5 n) occupies around the arrangement reference point O is set to be proportional to the ratio of 
the square root of the diameter Wm, based on Equation (1 ) bek)w. 



35 



40 



SO 



55 



Km= 



Equation (1) 
JWm 

Jm + ... + Jm 



[0038] it should be noted that when the ratk) Km of the square root of the diameter Wm satisfies xm > 0.5, the ratio 
Km is corrected to satisfy Km=0.5. This is because even when the ratio of the diameter of one twisting yam occupies 
a half or more of the entire portion, it is impossible to arrange an ellipse occupying more than a half of the region around 
45 the an-angement reference point O on the plane, and thus the ratio Km is corrected to be 0.5. Furthemnore, when the 
ratio satisfies Km < 0.2, the ratio is unifonmly con-ected to satisfy Km=0.2. This is because in a small region, flattening 
can be Ignored. Accordingly, when at least two twisting yarns are used and have the same width, It is possible to flatten 
and process the twisting yams up to five. 

[0039] The scaling is set based on a scale factor zm satisfying Equationi (2) below. 



Equation (2) 



aX(Km-0.2) 
^'"^ 0.6-0.2' 



[0040] Herein, It is assumed that a is a constant set to satisfy, for example, cM).1 . This value of a can be changed 
when necessary. By using the scale factor zm In Equation (2), scale factors in the longitudinal and lateral directions 
are detennined with Equations (3) and (4) bek>w. 
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Equation (3) 
zxm=1.0-zm 

■ 5 

Equation (4) 
zym s= 1 .0 zm 

10 

[0041] in FIG. 5, since the diameter W1 of the cross-section shape with the center CI is comparatively smali, the 
cross-sectionshapeisfiattenediess. The cross-section shape with the center C2 is fiattened. 

[0042] FIG. 6 shows the manner in which the cross-section shapes of the twisting yams are arranged around the 
arrangement reference point O. The region around the arrangement reference point O serving as the center of the 

IS arrangement is divided in the above-described proportion of L1, and t^. FIG. 6 (a) shows a case of three twisting 
yams and FIG. 6 (b) shows a case of two twisting yams. As shown in FIG. 6(a), the central positions of the twisting 
yarns are taicen as CI , C2 and C3, respectively. The distances from the an^angement reference point O to the centers 
01 , 02 and 03 are taicen as r1, r2 and r3, respectively. The cross-section shapes of the twisting yarns are in contact 
with boundary lines passing through the arrangement reference point O. When the angles formed between the boundary 

,20 lines passing through the an-angement reference point O and lines connecting the arrangement reference point O and 
the centers C1 . C2 and 03 respectively are taken as 61 , 62 and 63, 6m is detemriined based on Equation (5) below 
(when 1 ^ m 

25 Equation (5) 

360 X Km 
6in = g 

[0043] Thus, a distance rm is detemnined based on Equation (6) below. 

30 

Equation (6) 



rm^ X zxm X sln(6m)]^ + xzymx cos{Bm)f 

[0044] Accordingly, the central coordinate of Cm is determined based on Equations (7) and (8) below. 

^ Equation (7) 

cxm =s rm X cos(am) 



45 Equation (8) 

cym = nil X sin(am) 

[0045] Herein; FIG. 6 (a) shows that a1«0,a2=ei-»«, 03^-^02463. ' 
50 [0046] More specifically, in the step of determining the cross-section shapes such as shown In step b1 in FIG. 4. the 
cross-section shapes of the plurality of twisting yams that have been input in the above-described image input step 
are abstracted as round shapes to produce abstracted models of the twisting yarns^ 

[0047] Furthermore, in the step of arranging the twisting yams around the arrangement reference point O such as 
shown in step b2. the cross-sectional region around the arrangement reference point O is divided in accordance with 
55 the ratio of the square root of the diameter Wm obtained when the cross-sections of the abstracted models of the . 
twisting yarns are abstracted as round shapes, and the cross-section shapes of the abstracted models of the twisting 
yarns are anranged in such a manner that the cross-section shapes of the adjacent twisting yams are in contact with 
each other on a boundary line between the divided regions. At the time of arrangement, the cross-section shapes are 
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flattened as well. It should be noted that a flattening proportion of the cross-section shapes of the abstracted models 
may vary based on a material of the twisting yams. 

[0048] FtG. 6(b) shows a state in which, in the case where two twisting yarns are used, one diameter is larger than 
the other, and thus the ratio of the diameter is larger than half, the twisting yam is adjusted so as to occupy a half of 

s the region around the arrangement reference point O. In other words, in the case of the two twisting yams, L1=L2 is 
satisfied. In this manner, in the step of arranging the cross-sections, when the ratio of the square root of the abstracted 
model of one twisting yam occupies a half or more of the entire portion, adjustment is performed so that the abstracted 
model of the twisting yarn occupies only a half of the cross-sectional region around the arrangement reference point O. 
[0049] FIG. 7 shows the effect of displacing the center of twine when twisting yams whose thicknesses are different 

fo from each other are twisted as shown in FIG. 6(b). FIG. 7(a) shows a case in which the an^angement reference point 
0 is the central axis of a twisted yarn, and FIG. 7(b) shows a case in which the central axis of the twine is set at a 
position apart from the arrangement reference point O. In FIG. 7(a), a thicic twisting yarn bulges outward more signif- 
icantly, and a thin twisting yam 32 looks undulating because the thin twisting yam 32 rotates at a position near the 
center. In FIG. 7(b), undulation Is reduced by setting the central axis serving as the rotation center of the twine at a 

IS position that is obtained with the weighted average of the distances from the arrangement reference point to the center 
positions of ail of the twisting yarns, and taking the length of the diameter of each twisting yarn as the weight. Conversely, 
by arbitrarily displacing the central position, undulation caused by a difference between tensile forces for the twisting 
yams in twisting can be expressed to some extent. 

[0050] When SumW=£Wm and SumG=£(Cmx Wm), a position R of the central axis based on the weighted average 
20 for the purpose of reducing undulation can be expressed by Equation (9) below, using the arrangement reference point 
0 as the reference. 

Equation (9) 

2S SumC 

SumW 

[0051] FIGS. 6 and 9 show the manner in which with respect to a fuzzy twisting yam, an abstracted model of the 
twisting yam is produced separately for a fuzz portion on the outer circumferential side and for a yam main portion on 

30 the inner circumferential side excluding the fuzz, and of calculating the size of an image and the position of the yam 
main portion for rendering the portions. FIG. 8 shows a state In which, when an abstracted model of one twisting yam 
is projected in the longitudinal direction of the figure, the minor axes of cross-section shapes 33 and 34 are in parallel, 
with the projection direction. When an angle fonmed between the projection direction and a line passing from the ar- 
rangement reference point 0 to each of the centers C of the cross-section shapes 33 and 34 is taken as a rotation 

35 angle, the rotation angle of the cross-section shape 33 is 0 and that of the cross-section shape 34 is 1 80*". in these 
cross-section shapes 33 and 34. the major axes are perpendtoular to the projection direction. FIG. 9 show a state in 
whteh the hnajor axes of cross-section shapes 35 and 36 are in parallel with the projection direction. As for the rotation 
angle with respect to a line passing from the arrangement reference point O to each of the centere C of the cross- 
section shapes, the rotation angle of the cross-section shape 35 is 90°, and that of the cross-section shape 36 is 270*. 

40 [0052] Hereinafter, the projection direction Is taken as x-direction, which is toward from left to right of the sheet for 
the drawing, and the direction from bottom to top. whtoh is perpendteutar to the projection directk>n, is taken as y- 
direction. 

[0053] In step b1 In FIG. 4, which is the process of detenmining the cross-section shapes 33. 34, 35 and 36 of the 
abstracted models of the twisting yams, yam main portions 33a, 34a, 35a and 36a on the inner circumferential side 

45 and fuzz portions 33b, 34b, 35b and 36b on the outer circumferential side are treated separately. In the procedure from 
the process of arranging the twisting yams around the an^ngement reference point O in step b2 to the process of 
calculating the rendering widths of the twisting yams In step b8, all steps except for step b4 are performed based on 
the yam main portions 33a. 34a. 35a and 36a. In step k>4. the width wy of the regions of the yam main portions 33a. 
34a, 35a and 36a and the widths wyl and wy2 of the regions of the fuzz portions 33b, 34b, 35b and 36b of the twisting 

so yams are calculated. 

[0054] In FIGS. 6 and 9, projected image ranges 37 and 38 are also shown. The plane on which the images are 
projected is in parallel with the central axis passing through the rotation center R, and the intersecting line with the 
sheet for the drawing is a line extending In the longitudinal direction. As fuzz, wy1 and wy2 are added to the upper side 
and the lower side of the projected image ranges 37 and 38. 
S5 [0055] In the projected image ranges 37 and 38, a renge from yws to ywe is a width dw of the yam main portions 
33a, 34a, 35a and 36a. When a distance from the line passing through the rotation center R In the projection direction 
to the centers G of the cross-section shapes 33, 34, 35 and 36 Is taken as d, the width dw can be calculated based on 
Equation (10) below. 
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Equation (10) 



[00561 A larger one of the values of the width dw calculated at the rotation angles 0/1 80- and OO/a/O- tak^" ^^^^ 
IhLalue of t!S width of a yarn main portion at any rotation angle. The entire 
bv addlna the width of the yam main portion and the width of the fuzz. 

fooSl T^e7b5 in FIG 4. when thVprocess is performed aiong the central axte line of the twjsted yam a ro^a ,on 
Lngirpofthecioss-secnion is determined based on the twine paran^etersthat have b^^^^ 

per unit length In step b6. the rendering positions of the twisting yams are calculated after calculatng the centra^ 
roLiJiSJ J C "n the'rotation angle P is S. the position coordinate of the centerC of the 
relative to the rotation center R is expressed based on Equation (11) below as the two^Jimenslonal coordinate (ex <v) 
n whteh the projection direction is the x-direction as described above when 

origin, the coordinate of the center C Is taken as C (x. y). and the coordinate of the rotation center R is taken as R(x. y). 



Equatton(ll) 
(cx,xy)-C(x.y)-R(x.y) 



[0058] When the x.y-coordlnate of the center C at the rotation angle p is taken as P(x) and P(y). the x.y-coordinate 
can be cafculated based on Equattons (12) and (13) below. 

Equation (12) 
P(x) o cx X cos (p) - cy X sin (P) 

Equation (13) 
P(y) s cx X sin (P) ■>- cy X cos (P) 

[0059] Instepb7.whk*lsthepreces80f detemrtnlngtherenderingorderofthetwistingyams.theorderisdrte^^^^ 

soTS the twlsWyams are rendered inasequentlal manner fromatwisting yam havlngasm^^^^ 

x-component. of the position coordinates of the centere of the cross^ectlon shapes. 

[00601 FIG. 1 0 shows the manner in which with respect to the cross^wctten shape of the absttacted •no<te» 3 

Listing yam. a rendering width w is cateulated In step bB. when the rotation angle detemilned J«P^ " ^^^^ 

taken as B. In the abstracted model 3 of the twisting yam. the broken line shows a state in whch the «"3'® J 

ia0.andLlwistlngyamisarrenfledatapositionwherethecenterC0fmecross^e^^^ 

aroind the arrangement reference point O. As shown by the solid line when the tw««ng ^m is ^^^-^^^^^^^^^^^ 

p around the rotation center R. the angle fomied by a ma|or axis 3y °»*e '5~ss-sectlon shape and a^^^^^^ 

Hne 3v to a tangent line 39a extending from the center C of the ellipse that s the aoss^on shape to a^^ne 39 in 

the projection Srectlon is a^. The rendering width w on the plane 39 on which ^theSeTal te 

cateulated as a gap between the tangent lines 39a and 39b that touch the top and bottom points of the ellipse that Is 

In RG 1 0. taking the mirior Js 3x as x-axis and the major axis 3y as y-axis. The equation of the perpendteular line 
3v from the center C to the tangent line 39a can be expressed by Equation (14) below. 

Equation (14) 
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[0062] It should be noted that a=tan(a+p). Accordingly, the equations of the tangent lines 39a and 39b. which are 
lines touching the ellipse, can be expressed by Equation (1 5) below. 

Equation (15) 



[0063] A distance d can be expressed by Equation (1 6) below. 

Equation (16) 



where 

6K 



Since the tangent tines 39a and 39b are at vertically symmetrical positions, the width w of the twisting yam that is 
horizontally projected can be calculated by doubling the distance d. in other words. w=2xd 

10^41 fTg 12 Shows the manner in which the fuzz region of the twisting yam is calcuiated .n step ^^^f^^^ 
described above with respect to a yam image 40 of a fuzzy twlsdng yam. when arranging the cross-section shape of 
fh^b?raSSr^del.ayammainpLcn40aisarrangedandaregi^ 

Sde thereof. In a region 40c in which there exist twisting yams adjacent to the yam main P«^" 
fuzz 40b is set not so as to exceed the centers of the adjacent twisting yams. I n the case where the h««Ung yam wrth 
tSrcenter C1 has fuzz 40b and is adjacent to each of the twisting yams with the center C2 and C3. the foltowmg 
angS eT 02 G3 and 04 are calculated. Herein. 01 is fom«d In the direction of the left tangent line «rtien viewed in 
med^ro^ion from the cemerCI to the center C2. of thetangeml^^^ 

the direction of the center C2. 03 is fomned in the direction of the center C3. 04 Is fonned in the direcdon oftt« "9^» 
tangent line, when viewed in the direction from the center CI to the center C3. <A the tangert «"~ ^^"J^K 
the center C3. 01 to 04 are setbased on the line passing from the arrangement reference poi^^ 
CI of thetwistingyarn. The anglefomied by this line with the reference direction, which isthex-dire^^^^ 

[00651 The region of fuzz in the yam image 40 is limited within a length Xlim as shown below in accordance wrth the 
Snjof the anilesoaround the centerC1.However.since the yam main portion 40ate 

the net region of fuzz is the region that is limited within the length Wim and excludes yam m«n Ponton 40ajn the 
inner poZn. Heroin. X is the width of the twisting yam when thero is no limitation, and 151 ^^'^ °2 a« d»ta«^^ 
the center CI to the centers C2 and C3. Moro specifically, the length from the center CI offte twlsdng V"" ^ the 
edge ofthe fuzz is limited Within interpolated values between X and D1 when 01 < 0 S 02. between D1 and 02 when 
02<e<e3. and between 02 and X when 03 S 0 < 04. 

[00661 ntheca8ewherethedensityofthefuzzi8hlgh.thefuzzthatcannotbeaccommo 

adjacent twisting yam might stick out, It is sometimes bellerto ease this limitation. The iimrtation of the reg«n of fuzz 
can be adjusted in accordance with the density of the fuzz. . u., 

[0067] FIG. 13 shows the manner In which the twisting yam is rendered in step blO in FIG 4. by '^«'J"^«"9 
yam Image 40 that has been input as in FIG. 1 (a) separately for the yam main portion ^^'^^jj 
J^SUJlmage 6 of the twisted yam that has been horizontally proj^^^^ 

pSed for each prodetemiined length along the central axis 5a. Forconvenience. it is assumed mat section* ' 
I 5? anTScorrespond to this prodetemilned length, in an actual process, it is natural that shorter «e^<!"^^^^^^ ^% 
yam main portion 40a of the yam image 40 is reproduced in a sequential manner for each of the sf«'0"f 
Sltheportionofayammlportionprojectedimageeaofthecorrespondlngtwlsongyamonftepro^ 
6oflhetwtetedyam.SincetheyammalnportionproJec«edimage6aofthetwl8tingyamoorie8pondstothert^^ 
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model whose cross-section is flattened, the width is changed. The fuzz 40b of the yam image 40 is reproduced on a 
fuzz projected image 6b in a similar manner. However, the portion of the fuzz projected image 6b is limited based on 
the reiation with the adjacent twisting yarns as shown in FiG. 1 2. After reproduction is perfonned up to the ending edge 
43e of the section 43, reproduction is then repeated from the starting edge 41s of the section 41 . By repeating repro- 

5 duction in this manner from one edge to the other edge of a section that is used, it is possible to simulate a twisted 
yam that is longer than the yam image 40. ' t. 

[0068] In the case where the shape of, for example, the fuzz 40b is changed significantly between the starting edge 
41s and the ending edge 43e of the yam image 40, the form sometimes becomes unnatural when the first section 41 
continues after the last section 43. In such a case, It is not always necessary to use the entire length of the yam image 

10 40, and a portion that is suitable for continuation can be used. An image process can be perfomned in such a manner 
that the side of the starting edge 41 s and the side of the ending edge 43e are superimposed and the degree of darkness 
is gradually changed lower on one side and higher on the other side, so that transition can be achieved. 
[0069] FIGS. 14 and 15 show examples of the simulation result of an image of a twisted yam according to this 
embodiment. In FIG. 14, a simulation Is perfomned in which three twisting yams shown in FIGS. 14 (a), 14 (b) and 14 

IS (c) are twisted to obtain an image of a twisted yam shown in FiG. 14 (d). It is clearly shown that fuzz 51 and 52 of a 
fancy yam 50 shown in FIG. 14 (c) is not reproduced on FIG. 14(d). 

[0070] In FIG. 15, images of twisting yarns shown in FIGS. 15 (a), 15 (b), 15 (c) and 15 (d) are input to simulate 
images of twisted yams shown in FIGS. 15 (e), 15 (f) and 15 (g) . in this manner, it is possible to simulate a twisted 
yam In various combinations within a range of images of yarns that have been input. When mask data such as hue, 
^ brightness, and saturation distributions relating to color of a yam image is subjected to the twine rendering process, 
change of information relating to the color of the twisting yam can be directly reflected on an image of the simulation 
result 

[0071] The invention may be embodied in other specific fbmns without departing from the spirit or essential charac- 
teristics thereof. The present embodiments are therefore to be considered in all respects as illustrative and not restric- 
tive, the scope of the invention being indicated by the appended claims rather than by the foregoing description and 
all changes which come within the meaning and the range of equivalency of the claims are therefore intended to be 
embraced therein. 

INDUSTRIAL APPLICABILITY 

30 

[0072] As described above, according to the invention, in an Image input step, Images of a plurality of yams used 
for twisting are input each in the fdrm of an extended line, and in an abstracting step, abstractedmodel that extends in 
one direction and has a certain cross-section of a predetermined mathematizable shape Is produced to abstract each 
of the yams, and con^espondence between each of the abstracted models and the images Is set. The abstracted models 

35 of the plurality of yams are twisted according to a predetermined condition to produce an abstracted model of a twisted 
yam in a form extending along a central axis In a twisting step, and the abstracted model of the twisted yam is projected 
onto a plane that is in parallel with the central axis in a projection step. In an image reproduction step, the images of 
the yarns are reproduced, based on the con^spondence, on conresponding projected Inriages of the abstracted models 
of the yams included in the abstracted model of the twisted yam that has been projected onto the plane. Thus, fine 

^ fuzz and so forth of each of the yams is reproduced as an image, and an image that is close to the real can be created. 
[0073] Furthennore, according to the invention, cross-section shapes of the plurality of yams are abstracted as round 
shapes. An arrangement reference point is set, and the cross-section shapes of the abstracted models of the yams 
are arranged around the an-angement reference point. A combination of the cross-section shapes is rotated around 
the central axis of the twisted yam while the an^ngement reference point is displaced along the central axis according 

^ to a predetemiined condition. Extemat shapes of the abstracted models of the yams along the central axis of the twisted 
yam are produced as a locus formed by rotating the cross-section shapes around the central axis. Thus, the three- 
dimensional model of the twisted yam can be easily produced. 

[0074] Furthemnore, according to the invention, the yams can be abstracted as flattened cross-section shapes. 
[0075] Furthemiore, according to the invention, a cross-section region around the arrangement reference point of 

so the twisted yam is divided in accordance with ratios of square roots of diameters obtained when the cross-sections of 
the abstracted models of the yams are abstracted as round shapes, and the round cross^ection shapes of the ab- 
stracted models of the yams are flattened according to a predetemiined condition in such a manner that the cross- 
section shapes of the adjacent yams are in contact with each other on a boundary line between the divided regions. 
Thus, even an abstracted model of a twisted yam obtained by twisting yams having different thicknesses can be easily 

9S created. 

[0076] Furthermore, according to the invention, even when the ratio of the square root of an abstracted model of 
one yam occupies a half or more of an entiro portion, adjustment Is perfomned so that the abstracted model of this 
yam occupies only a half of the cross-section region around the arrangernent reference point. Thus, unrealistic simu- 
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lation can be avoided in which a thicic yam occupies more than a haif of the region around the an^ngement reference 
point. 

[00771 Furthermore, according to the invention, the arrangement reference point is set at a position different frorti 
the centrat axis of the twisted yam, and the an^angement reference point is also rotated around the central axis of the 
s twisted yam. Thus, even when a thick yam and a thin yam are used In combination and the sizes of the region that is 
occupied by the yams around the arraignment reference point cannot be made different, it is possible to make the 
state of the twisted yam close to the real twisted yam by displacing the central axis with respect to the an^angement 
reference point. 

[0078] Furthermore, according to the invention , the central axis of the twisted yam Is set at a position that Is obtained 

10 as an weighted average value obtained by weight-averaging relative positions of central positions of the cross-section 
shapes of the abstracted models of the yams with respect to the anrangement reference point, using the diameters of 
the cross-section shapes as the weight. Thus, the twisted yam can be well balanced with the central axis. 
[0079] Furthermore, according to the invention, an abstracted model of a fuzzy yam is produced separately for a 
fuzz portion on an outer circumferentiai side and for a yarn main portion on an inner circumferential side excluding the 

IS fuzz. The arrangement around the arrangement reference point is perfomfied for the cross-section shape of the yam 
main portion, and the cross-section shape of the fuzz portion is arranged around the cross-section shape of the yam 
main portion not so as to exceed abstracted models of adjacent yams. An image of the yam is reproduced separately 
for the fuzz portion and for the yam main portion from the image of the yam. Thus, when a fuzzy yam is used, fine fuzz 
In the twisted yam cab be easily expressed. 

20 [0080] Furthermore, according to the invention, the correspondence between the abstracted model and the Image 
of each of the yarns is set so that with respect to a longitudinal direction of the abstracted model, an entire length or 
a part of the image is set to be a section to be used, and so that after linking is perfonned from one edge to the other 
edge of the section to be used, linking is repeated by resuming from the one edge. Thus, even when the length of a 
yam that is input as an image is limited, it is possible to easily simulate the twisted yam that is sufficiently long. 

25 [0081] Furthermore, according to the invention, by using the image of the twisted yam produced by reproducing the 
Images of the yams on the corresponding projected Images of the abstracted models of the yams included in the 
abstracted model of the twisted yam projected on the plane, an image of a knitting fabric knitted by using the twisted 
yam is simulated. Thus, not only can the twisted yam be simulated, but also can an inuige of a knitting fabric using 
the twisted yam be obtained. 

30 [0082] Furthenmore, according to the invention, an image of a twisted yam can be simulated easily when the image 
is processed by a computer. 

[0083] Furthermore, abcording to the invention. It is possible to easily let a computer read a stored program and. 
simulate an image of a twisted yam. 

[0084] Furthermore, according to the invention, by image input means, Images of a plurality of yams used for twisting 

3s are input each in the form of an extended line, and by abstracting means, an abstracted model that extends in one 
direction and has a certain cross-section of a predetermined mathematizable shape is produced to abstract each of 
the yams, and correspondence between each of the abstracted models and the Images is set. Thus, an abstracted 
model of a twisted yam can be easily created with the abstracted models obtained by abstracting the images of the 
real yarns by twisting means. The produced abstracted model of the twisted yam is projected onto a plane that is in 

<o parallel with the central axis of the twisted yam by projection means. By image reproduction means, a state in whteh 
the images of the yams are reproduced, based on the correspondence that has been set by the abstracting means, 
on con^esponding projected images of the abstracted models of the yams included in the abstracted model of the 
twisted yam is displayed. Thus, fine fuzz and so forth can be reproduced faithfully In the displayed image, and realistic 
simulation of the image can be performed. 

45 [0085] Furthermore, according to the invention, the cross-section shapes of the plurality of yams are abstracted as 
round shapes. An arrangement reference point with respect to the twisted yam is set, and the cross-section shapes 
of the abstracted models of the yams are arranged around the anrangement reference point and flattened according 
to a predetemiined condition . A combination of the cross-section shapes is rotated around the central axis of the twisted 
yam while the an-angement reference point is displaced along the central axis according to a predetermined condition. 

so External shapes of the abstracted models of the yams along the central axis of the twisted yam are produced as a 
locus formed by rotating the cross-section shapes. Thus, the abstracted rhodel of the twisted yam can be obtained 
easily. 

S5 Claims 

1. A method for simulating an Image of a twisted yam in which twisting of a plurality of yams is simulated and an 
image of a twisted yam is fomned, 
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the method comprising: 

an image input step of inputting images of the pluraiity of yams used for twisting, each in a forni of an extended 

line; 

an abstracting step of producing, based on the images that have been input in the image input step, an ab- 
. stracted modei of each of the yams that extends in one direction and has a certain cross-section of a prede* 
temiined mathematizable shape to abstract each of the yams, and of setting correspondence between each 
of the abstracted models and the images; 

a twisting step of twisting, according to a predetemnined condition, the abstracted models of the pturaiity of 
yarns that have been abstracted in the abstracting step and of producing an abstracted model of a twisted 
yarn in a fomfi extending along a central axis thereof; 

a projection step of projecting the abstracted model of the twisted yam that has been produced in the twisting 
step onto a ptane that Is in parallel with the central axis; and . . 

an image reproduction step of reproducing, based on the correspondence that has been set in the abstracting 
step, the images of the yarns on corresponding projected images of the abstracted models of the yams included 
in the abstracted model of the twisted yam that has been projected onto the plane in the projection step. 

The method for simulating an image of a twisted yam of claim 1 , wherein in the abstracting step, cross-section 
shapes of the plurality of yams input In the Image input step are abstracted as round shapes to produce the at>- 
stracted models of the yams, and 
the twisting step comprises: 

a cross-section arrangement step of setting an arrangement reference point with respect to the twisted yam, 
and of arranging the cross-section shapes of the abstracted models of the yarns produced In the abstracting 
step around the arrangement reference point; 

a cross-section rotation step of rotating a combination of the cross-section shapes arranged in the cross- 
section arrangement step around the central axis of the twisted yam while displacing the arrangement refer- 
ence point set in the cross-section arrangement step along the central axis, according to a predetermined 
condition; and 

an external shape production step of producing external shapes of the abstracted models of the yams along 
the central axis of the twisted yam as a locus f onmed by rotating the cross-section shapes In the cross-section 
rotation step. 

The method for simulating an image of a twisted yam of claim 2, wherein in the abstracting step, the cross-section 
shapes are flattened according to a predetermined condition. 

The method for simulating an image of a twisted yarn of claim 2, wherein in the cross-section arrangement step, 
a cross-section region around the arrangement reference point of the twisted yam is divided In accordance with 
ratios of square roots of diameters of the abstracted models of the yams, and the. round cross-section shapes of 
the ak>stracted models of the yams are flattened in such a manner that the cross-section shapes of the adjacent 
yams contact each other on a boundary line between the divided regions. 

The method for simulating an image of a twisted yam of claim 4, wherein in the cross-section arrangement step, 
when the ratio of the square root of an abstracted model of one yam occupies a half or more of an entire portion, 
adjustment is perfonmed so that the abstracted model of this yam occupies only a half of the cross-section region 
around the arrangement reference point. 

The method for simulating an image of a twisted yarn of claim 2, wherein in the cross-section arrangement step, 
the an-angement reference point is set at a position different from the cientral axis of the twisted yam, and 

in the cross-section rotation step, the arrangement ref erence point Is also rotated around the central axis of 
the twisted yam. . 

The method for simulating an image of a twisted yam of claim 6, wherein in the cross-section arrangement step, 
the arrangement reference point is set in such a manner that the central axis of the twisted yam is at a position 
that is obtained as an weighted average of relative positions of central positions of the cross-section shapes of 
the abstracted models of the yams with respect to the arrangement reference point, using the diameters of the 
cross-section shapes as the weight. 
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8. The method for simulating an image of a twisted yam of daim 2, wherein with respect to a fu22y yam, 

in the abstracting step, the abstracted model of the yam Is produced separately for a fuzz portion on an outer 
circumferential side and for a yam main portion on an inner circumferential side excluding the fuzz, 

in the cross-section arrangement step, the abstracted model of the yam is arranged around the arrangement 
reference point based on a cross-section shape of the yam main portion, and a cross-section shape of the fuzz 
portion is an-anged around the cross-section shape of the yam main portion not so as to exceed abstracted models 
of adjacent yams, and 

in the image reproduction step, an image of the yam Is reproduced on the abstracted model of the yam 
projected on the plane separately for the fuzz portion and for the yam main portion from the Image. 

9. The method for simulating an image of a twisted yam of claim 1 , wherein in the abstracting step, the conrespondence 
between the abstracted model and the image of each of the yams is set so that with respect to a longitudinal 
direction of the abstracted model, an entire length or a part of the image Is set to be a section to be used, and so 
that after linking is perfonmed from one edge to the other edge of the section to be used, llnl<ing is repeated by 
resuming from the one edge. 

10. The method for simulating an image of a twisted yam of claim 1 , wherein by using the image of the twisted yam 
produced by reproducing the images of the yarns on the abstracted models of the yams included In the abstra^ed. 
model of the twisted yam projected on the plane in the image reproduction step, an image of a knitting fabric knitted 
by using the twisted yam is simulated. 

1 1 . A program for letting a computer execute the method for simulating an image of a twisted yam of any one of claims 
1 to 10. 

12. A computer-readable storage medium storing a program read by a computer to execute the method for simulating 
an Image of a twisted yarn of any one of claims 1 to 1 0. 

13. An apparatus for simulating an image of a twisted yam, in which twisting of a plurality of yams is simulated and 
an image of a twisted yam is formed, the apparatus comprising: 

Image Input means for Inputting Images of the plurality of yams used for twisting, each In afomn of an extended 
line; 

abstracting means for producing, based on the Images that have been Input In the Image input means, an 
abstracted model of each of the yarns that extends in one direction and has a certain cross-section of a pre- 
determined mathematizable shape to abstract each of the yams, and for setting correspondence between 
each of the abstracted models and the images; 

twisting means for twisting, according to a predetermined condition, the abstracted models of the plurality of 
yarns that have been abstracted In the abstracting means and of producing an abstracted model of a twisted 
yarn in a fomri extending along a central axis thereof; 

projection means for projecting the abstracted model of the twisted yam that has been produced in the twisting 
means onto a plane that is in parallel with the central axis; and 

image reproduc^on means for displaying a state in which the images of the yams are reproduced, based on 
the conrespondence that has been set by the abstracting means, on oonresponding projected images of the 
abstracted models of the yams included in the abstracted model of the twisted yani that has been projected 
onto the plane by the projection means. 

14. The apparatus for simulating an image of a twisted yam of claim 12. wherein the abstracting means abstracts the 
cross-section shapes of the plurality of yams input by the Image input means as round shapes, and 
the twisting means comprises: 

cross-section arrangement means for setting an arrangement reference point with respect to the twisted yam, 
of arranging the cross-section shapes of the abstracted models of the yams produced by the abstracting 
means around the arrangement reference point, and for flattening the cross-shapes according to a predeter- 
mined condition; 

cross-section rotation means for rotating a combination of the cross-section shapes arranged by the cross- 
section arrangement means around the central axis of the twisted yam while displacing the arrangement ref- 
erence point set by the cross-section arrangement means along the central axis according to a predetenrnlned 
conditipn; and 
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external shape production means for producing external shapes of the abstracted models of the yams along 
the central axis ot the twisted yam as a locus f omned by rotating the cross-section shapes by the crpss-sectton 
rotation means. 
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